Introduction
The charge distribution in the thunderstorm cloud has long been worked out by many investigators with various methods at many places in the world, but the results do not seem to converge at a conclusion.
The cloud charge magnitudes and their locations seem to depend on the method of investigation and the place where the observation was made.
In this paper is described one approach to this problem from a statistical examination of the electric field variations observed in Kyoto.
Electric field variation patterns
The composite electric field variations due to thunderstorm clouds were deduced statistically from the data obtained with a continuously operating field mill mounted on the roof of the building of the Geophysical Institute, Kyoto University in the north-eastern part of Kyoto City during three summer seasons from 1965 to 1967. Ninety-nine examples of field variations were chosen from the observed data, and were classified into 12 types of field variation patterns following a scheme similar to the one used by Tamura (1940) .
The 12 classifications from type a to type k including type d' are shown in Fig. 1 were located vertically with + 24 Coul at 6 km, -20 Coul at 3 km and + 4 Coul at 1 .5 km from the ground surface respectively. Malan (1952) presented a model in which the charges distribute vertically with +40 Coul at 10 km, -40 Coul at 5 km and +10 Coul at 2 km. It was suggested by Simpson and Robinson (1940) and Kuettner (1950) , that the levels at which charges occur in thunderstorm clouds depend on the atmospheric temperature. Simpson and Robinson showed that the upper positive charge was, on the average, at a temperature 15°C colder than the negative charge which was found at an average temperature of -7°C. The lower positive charge was located at a temperature warmer than freezing.
In Kuettner's model of a thunderstorm cell, the negative charge appears at a temperature of -8°C and the positive pocket of charge at the freezing level. The possible altitudes for those temperature regions were examined from the aerological data at Yonago meteorological station, 230 km west of Kyoto and the results are shown in Fig. 2 , in which the -22°C level is located at 8 .0-9.0 km for the upper positive charge, the -7°C level at 6.0-6.5 km for the lower negative charge and the 0°C level at 5. gives the same suggestion.
3. Charge distribution Based on the above described suggestions, the electric field variations on the ground surface due to thunderstorm clouds were calculated with various charge distributions assuming that a thunderstorm cloud which has two positive and one negative point charges, passes along a straight line some distance away from the observing station keeping its charge distribution constant.
In these calculations the following was assumed; the positive main charge is located at 8.0-9.0 km, the negative charge center at 6.0-6.5 km and the lower positive charge center at 3.0-5.0 km. It was also assumed based on the average feature of the actual storm passages in the northern part of Kyoto that the storm passes 2 km away from the observing station. The calculations were made every 0.5 km height for the respective charge locations.
In Fig. 3 are shown the calculated results of the electric field variations which best fit for the types b, and d and d' which appeared most often in the observation (cf. Table  1 ). These space variations can be converted to the time variations which has a time scale of 1 hour if assuming the wind velocity be 10 m/ sec. The charge distribution which produces these field variations of about ±5000 V/ m is + 120 Coul at 8.5 km, -120 Coul at 6.0 km and + 24 Coul at 3.0 km as shown in the top of Fig. 3 , in which the negative charge center deviates 0.2-0.6 km horizontally ahead the other charges in the moving direction.
It is reasonable to assume the model of charge distribution shown in Fig. 3 for the average thunderstorm cloud which appears in Kyoto.
It is interesting to note that the charge magnitude derived above is about 6 times larger than that in the Simpson and Robinson's model and about 3 times larger than that in the Malan's model, but the charge proportions between the upper positive, the negative and the lower positive charges are similar in all the models.
The estimated values of charges obviously depend on the assumed distance between the storm passing line and the observing station. In order to check this variability we calculated the case in which the storm passes 1.5 km away from the observing station keeping the same charge heights Fig. 3 The calculated electric field variations (bottom) for the average thunderstorm cloud model (top). The storm is assumed to pass along a straight line 2 km away from the observing station. where Qi is the assumed point charge, Hi the charge height, Di the horizontal distance from the charges to the observer, and e the permittivity of free space. It is clear from examination of this equation that the observed maximum fields are mainly determined by the lower positive charge for the positive maximum field and by the negative charge for the negative maximum field. As these charge heights (H1) are 6.0 km and 3.0 km in average respectively, dependency of the field intensity on the distance (D1) is greater for the positive field than for the negative field.
The relatively large magnitudes of charges derived in the present work are not much altered by assuming 1.5 km for the storm distance. This results essentially from the relatively high positions of the negative and the lower positive charges.
The lower positive charge, its position and magnitude, play a critical role in calculating the field variation patterns.
Based on a study of electric field changes from lightning flashes measured at two stations near Socorro, Ogawa and Brook (1969) showed direct evidence that the storm motion is shaping the charge distribution in the cloud. Other dynamical environments such as wind distribution, up-and downdraught and precipitation will also influence the displacement of the negative charge described in this paper.
The magnitude of the displacement may be related to activity of such dynamical features of the storm cloud, but will be as large as 0.6 km if assuming that the charges distribute as points in the cloud.
In 
